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(54) Starting clutch control system 

(57) A control system for a starting clutch installed 
in an automotive vehicle. The starting clutch is anranged 
between the engine and at least one wheel of the vehi- 
cle, for controlling engagement between the engine and 
the at least one wheel. A basic torque capacity of the 
starting clutch is calculated based on the rotational 
speed of the engine, and a torque capacity correction 
value is determined such that it assumes a minimal 
value when a clutch speed ratio of the starting clutch 
detected by a clutch speed ratio sensor is equal to 1 .0 
and progressively increases as the clutch speed ratio 
increases and decreases from 1.0. The determined 
torque capacity correction value is changed based on 
the throttle valve opening, and the torque capacity of the 
starting clutch is determined based on the changed 
torque capacity correction value and the calculated 
basic torque capacity. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a starting clutch control 
system for automotive vehicles, which controls torque 
transmitted through a starting clutch of the vehicle at the 
start of the vehicle. 

Prior Art 

To control torque transmitted through a starting 
clutch of an automotive vehicle at the start of the vehi- 
cle, a clutch control method has been proposed, for 
example, from Japanese Laid-Open Patent Application 
(Kokai) No. 63-305039. According to the proposed 
clutch control method, a value of a torque capacity coef- 
ficient C is retrieved from a torque capacity coefficient C 
map, according to a clutch speed ratio, and a clutch 
control value Tel is calculated based on the value of the 
torque capacity coefficient C and the rotational speed of 
an internal combustion engine mounted in the vehicle, 
to thereby control the torque transmitted through the 
starting clutch. ° 

In the proposed clutch control method, however, a 
single capacity coefficient C map is provided, which is 
set based only on the clutch speed ratio. As a result, 
when a throttle valve of the engine is suddenly oper-" 
ated, it is impossible to control the torque transmitted 
through the starting clutch so as to fully absorb or miti- 
gate a shock caused by engine torque fluctuations. 

Further, the torque capacity coefficient C map has 
coefficient values set for only a range of clutch speed 
ratio from 0 to 1 .0. As a result, when the clutch speed 
ratio exceeds 1.0, e.g. when engine brake is applied, it 
is also impossible to avoid a shock caused by engine 
torque fluctuations. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a starting 
clutch control system for automotive vehicles, which is 
capable of fully absorbing or mitigating a shock caused 
by engine torque fluctuations of an internal combustion 
engine mounted in the vehicle, upon sudden operation 
of the throttle valve, etc. over a wide range of clutch 
speed ratio, to thereby improve the drivability as well as 
curtail the fuel consumption. 

To attain the above object, the present invention 
provides a control system for a starting clutch installed 
in an automotive vehicle having an internal combustion 
engine installed therein, and at least one wheel, the 
engine having a throttle valve, the starting clutch being 
arranged between the engine and the at least one 
wheel, for controlling engagement between the engine 
and the at least one wheel, the control system compris- 
ing: 
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engine rotational speed-detecting means for 
detecting rotational speed of the engine; 
clutch speed ratio-detecting means for detecting a 
speed ratio of the starting clutch; 

5 throttle valve opening-detecting means for detect- 
ing opening of the throttle valve; 
basic torque capacity-calculating means for calcu- 
K > lating basic torque capacity of the starting clutch, 
^ based on the rotational speed of the engine; 

10 * torque capacity correction value-determining 
^ means for determining a torque capacity correction 
value such that it assumes a minimal value when 
the clutch speed ratio detected by the clutch speed 
ratio-detecting means is equal to 1 .0 and progres- 

15 sively increases as the clutch speed ratio increases 
and decreases from 1 .0; 

torque capacity correction value-changing means 
for changing the torque capacity correction value 
determined by the torque capacity correction value- 
so determining means, based on the throttle valve 
opening detected by the throttle valve opening- 
detecting means; and 

torque capacity-determining means for determining 
torque capacity of the starting clutch, based on the 
25 . torque capacity correction value changed by the 
torque capacity correction value-changing means 
and the basic torque capacity calculated by the 
; basic torque capacity-calculating means. 

30 4 As a result, a shock caused by engirte toque fluctu- 
ations due to sudden operation of the throttle valve can 
be sufficiently absorbed or mitigated over a wide range 
of clutch speed ratio, to thereby further improve the driv- 
ability and curtail the fuel consumption. - 

35 . Preferably, when the throttle valve opening 
detected is larger than a predetermined value, the 
torque capacity correction value-changing means sets 
the torque capacity correction value to such a value that 
the torque capacity of the starting clutch has a smaller 

40 value than a value assumed when the throttle valve 
opening is smaller than the predetermined value. 

;As a result, the fuel consumption can be curtailed 
during cruising of the vehicle while improving the driva- 
bility. 

45 More preferably, when the throttle valve opening 
detected is almost zero, the torque capacity conection 
value-changing means sets the torque capacity correc- 
tion value to such a value that the torque capacity of the 
starting clutch has a further smaller value than the value 

so assumed when the throttle valve opening is larger than 
the predetermined value. 

v As a result, when the accelerator pedal is suddenly 
released during traveling of the vehicle, or when engine 
brake is applied, a shock caused by transmission torque 
55 fluctuations can be absorbed or mitigated. 

: Also preferably, the torque capacity correction 
value-changing means sets the torque capacity correc- 
tion value such that the torque capacity of the starting 
clutch is increased as the clutch speed ratio increases, 



f 



EP0 760 442 A1 



when the throttle valve opening detected is smaller than 
the predetermined value and at the same time the 
clutch speed ratio detected is smaller than a predeter- 
mined value which is smaller than 1 .0. 

As a result, when the accelerator pedal is slightly 
stepped on while the vehicle is in stoppage, a shock on 
passengers can be sufficiently reduced. 

More preferably, torque capacity correction value- 
changing means sets the torque capacity correction 
value to a minimum value, when the throttle valve open- 
ing detected is smaller than the predetermined value 
but not equal to zero and at the same time the clutch 
speed ratio detected is equal to zero. 

Preferably, the torque capacity correction value- 
changing means provides a plurality of torque capacity 
correction value characteristics corresponding respec- 
tively to a plurality of different throttle valve opening 
ranges, the torque capacity correction value-changing 
means changing the torque capacity correction value so 
as to be progressively shifted from a value determined 
according to one of two torque capacity correction value 
characteristics out of the plurality of the torque capacity 
connection value characteristics to a value determined 
according to the other one of the two torque capacity 
correction value characteristics. 

More preferably, the torque capacity correction 
value-changing means carries out the progressive shift- 
ing of the torque capacity correction value at a higher 
rate, when the progressive shifting takes place from a 
value determined according to a torque capacity correc- 
tion value characteristic having a higher level out of the 
selected two torque capacity correction value character- 
istics to a value determined according to a torque 
capacity correction value characteristic having a lower 
level, the torque capacity correction value-changing 
means carrying out the progressive shifting at a lower 
rate when the progressive shifting takes place from a 
value determined according to the torque capacity cor- 
rection characteristic having a lower level out of the 
selected two torque capacity correction value character- 
istics to a value determined according to the torque 
capacity correction value characteristic having a higher 
level. 

The above and other objects, features, and advan- 
tages of the invention will be more apparent from the fol- 
lowing detailed description taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing the arrange- 
ment of a starting clutch control system for an auto- 
motive vehicle, according to an embodiment of the 
invention; 

Fig. 2 is a flowchart showing a main routine for car- 
rying out control processing executed by a CPU of 
a transmission control system appearing in Fig. 1 ; 
Fig. 3 is a flowchart showing a subroutine for carry- 
ing out starting clutch control processing executed 
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at a step S5 in Fig. 2; 

Fig. 4 is a graphical representation of torque capac- 
ity maps stored in a memory device in the transmis- 
sion control system in Fig. 1 ; 
Fig. 5 shows an example of a table for determining 
a rate of variation Aa in a weighting coefficient a 
according to the throttle valve opening 6TH; 
Fig. 6 is a graphical representation of maps for 
determining a correction coefficient PSTBM for cor- 
recting a final torque capacity coefficient K calcu- 
lated at a step S24 in Fig. 3; and 
Fig. 7 is a block diagram showing an outline of the 
starting dutch control processing earned out at 
steps S11 toS26 in Fig. 3. 

DETAILED DESCRIPTION 



The invention will now be described in detail with 
reference to the drawings showing an embodiment 
20 thereof. 

Referring first to Fig. 1 , there is schematically illus- 
trated the arrangement of a starting clutch control sys- 
tem for an automotive vehicle, according to an 
embodiment of the invention. In the present embodi- 

25 ment, a transmission employed in the automotive vehi- 
cle is a continuously variable-speed transmission 
(hereinafter referred to as "the CVT). 

In the figure, reference numeral 1 designates an 
internal combustion engine (hereinafter referred to as 

30 "the engine") to which is connected a driving shaft 2 for 
transmitting an output from the engine to the CVT. The 
CVT is comprised of a forward/reverse-changeover 
mechanism 3, a forwarding clutch 4, an input shaft 5, a 
hydraulic cylinder 6, a transmission belt 7, a movable 

35 driving pulley 8 (hereinafter referred to as 1he driving 
pulley") 8, a driven shaft 9, a hydraulic cylinder 10, and 
a movable driven pulley (hereinafter referred to as "the 
driven pulley") 1 1 . The driving shaft 2 is coupled to the 
input shaft 5 through the forward/reverse-changeover 

40 mechanism 3 and the forwarding dutch 4. The input 
shaft 5 carries thereon the driving pulley 8 which has a 
V-shaped groove width thereof varied as a moving 
driven pulley element 8a thereof axially slidably fitted on 
the input shaft 5 is axially moved by the hydraulic cylin- 

45 der 6. The driven shaft 9 carries thereon the driven pul- 
ley 11, and the transmission belt 7 is trained between 
the pulleys 8 and 11. The driven pulley 11 has a V- 
shaped groove width thereof varied as a moving driven 
pulley element 11a thereof axially slidably fitted on the 

so driven shaft 9 is axially moved by the hydraulic cylinder 
1 0. The rotational speed ratio between the pulleys 8 and 
1 1 (hereinafter referred to as The speed ratio") is infi- 
nitely variable by controlling hydraulic pressure supplied 
to the hydraulic cylinders 6 and 10. The driven shaft 9 is 

55 coupled through a starting clutch 12 to an output shaft 
14 provided with an output gear 13 which is coupled to 
a differential gear 17 through intermediate gears 15 and 
16. The starting clutch 12 is comprised of two sets of 
friction plates 12a and 12b alternately juxtaposed such 
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that the friction plates of one set can be brought into fric- 
tional engagement with associated ones of the other 
set, and a clutch piston, not shown, which is displacea- 
ble by hydraulic pressure supplied thereto to selectively 
cause engagement and disengagement between the 
friction plates of the two sets. 

When the starting switch 12 is engaged with the 
CVT in a traveling range for example, a rotative driving 
force transmitted from the engine 1 to the driving shaft 2 
is transmitted through the forwarding clutch 4 to the 
driving pulley 8, and then transmitted through the trans- 
mission belt 7 to the driven pulley 1 1. Further, a rotative 
driving force of the driven pulley 1 1 is transmitted to the 
starting clutch 12, wherein the rotative driving force is 
controlled according to a stepping-on amount of an 
accelerator pedal of the vehicle, not shown, etc., and 
then transmitted to the output shaft 14. A rotative driving 
force of the output shaft 14 is transmitted to the output 
gear 13, the intermediate gears 15 and 16, and the dif- 
ferential gear 17 to right and left driving wheels of the 
vehicle, not shown. 

An electronic control unit (hereinafter referred to as 
"the ECU") 20 is electrically connected to fuel injection 
valves, various engine operating parameter sensors, 
etc. of the engine 1. for controlling the operation of the 
engine. Electrically connected to the ECU 20 is a trans- 
mission controller 31 for controlling oil pressure sup- 
plied to the hydraulic cylinders 6 and 10. etc. The 
transmission controller 31 is comprised of a CPU 31 ^ for 
executing various operational programs, a memory 
device 31 2 including a ROM storing the operational pro- 
grams executed by the CPU 3^ and various kinds of 
maps, referred to hereinafter, etc., and a RAM for stor- 
ing results of calculations executed by the CPU 31 . and 
an input/output interface 31 3 for inputting output signals 
from various engine operating parameter sensors and 
starting clutch control parameter sensors, referred to 
hereinbelow, and outputting driving signals based on 
the results of calculations. 

The transmission controller 31 is supplied with sig- 
nals indicative of the engine rotational speed Ne, the 
throttle valve opening 8TH, and the intake pipe absolute 
pressure PBA which are delivered from the ECU 20. 
The transmission controller 31 is also supplied with an 
output signal from an input shaft rotational speed sen- 
sor 21 arranged in the vicinity of the driving pulley 8, for 
detecting the rotational speed Ndr of the input shaft 5. 
an output signal from a driven shaft rotational speed 
sensor 22 arranged in the vicinity of the driven pulley 
1 1, for detecting the rotational sped Ndn of the driven 
shaft 9, and an output signal from an output shaft rota- 
tional speed sensor 23 arranged in the vicinity of the 
output shaft 14, for detecting the vehicle speed VEL 
Further electrically connected to the transmission con- 
troller 31 is a selector 40 of the automatic transmission 
for delivering a signal indicative of the position of a 
select lever, not shown, of the selector 40 to the trans- 
mission controller 31. In the present embodiment, the 
select lever can be selectively set to six positions, i.e. 



neutral (N). parking (P), driving (D), reverse (R), sports 
mode (S) and low (L). 

The transmission controller 31 has an output side 
thereof connected to a PH/PL generator 32 for selec- 

5 tively generating high oil pressure (PH) and low oil pres- 
sure (PL), a four-way valve 33 for regulating the two 
levels of oil pressure from the PH/PL generator 32 and 
selectively distributing the regulated oil pressure to the 
hydraulic cylinder 6 of the driving pulley 8 and the 

w hydraulic cylinder 9 of the driven pulley 1 1 , and a start- 
ing clutch hydraulic controller 34 for controlling oil pres- 
sure supplied to the clutch piston of the starting clutch 
12. 

The PH/PL generator 32 and the starting clutch 
is hydraulic controller 34 have oil intake sides thereof con- 
nected to an oil supply side of a hydraulic pump 35 
which has its oil intake side connected to an oil tank 36. 
The PH/PL generator 32 has two oil supply ports con- 
nected, respectively, to two oil intake ports of the four- 
20 way valve 33 to supply the high oil pressure and the low 
oil pressure generated thereby to the four-way valve 33. 
The starting clutch hydraulic controller 34 has a linear 
solenoid valve, not shown, for controlling oil pressure 
supplied from the hydraulic pump 35 to a valve corre- 
25 sponding to a clutch transmission torque T2, hereinafter 
referred to. 

The four-way valve 33 has two oil supply ports con- 
nected, respectively, to oil intake sides of the hydraulic 
cylinders 6 and 10, whereby oil pressure controlled by a 

30 control signal from the transmission controller 31 is sup- 
plied to the hydraulic cylinders 6 and 10. 

Thus, according to the values of oil pressure sup- 
plied from the four-way valve 33 to the hydraulic cylin- 
ders 6 and 1 0, the V-shaped groove widths of the driving 

35 pulley 8 and the driven pulley 1 1 are determined to 
thereby control the speed reduction ratio of the CVT, i.e. 
the ratio NDR/NDN between the rotational speed NDR 
of the input shaft 5 and the rotational speed NDN of the 
drawn shaft 9. Further, torque generated by the driven 

40 shaft 9 is transmitted to the output shaft 1 4 through the 
starting clutch 12 at a ratio corresponding to the engag- 
ing state of the starting clutch 12, which is controlled by 
the transmission controller 31 and the starting clutch 
hydraulic controller 34, to thereby control the torque 

45 transmitted through the starting clutch. 

Next, description will be made of control processing 
performed by the starting clutch control system con- 
structed as above, particularly by the transmission con- 
troller 31 , with reference to Figs. 2 and 6. 

so Fig 2 shows a program for carrying out the control 
processing executed by the CPU 31 j of the transmis- 
sion controller 31. 

First, at a step S1 , it is determined whether or not 
the select lever of the selector 40 is set to a traveling 

55 range, i.e. whether or not it is set to any range other than 
the neutral (N) and parking (P) ranges. If the select lever 
is not set to a trav+eling range, the program is immedi- 
ately terminated. On the other hand, if the select lever is 
set to a traveling range, the program proceeds to a step 
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S2. 

At the step S2, rt is determined whether or not the 
throttle valve opening 6TH is equal to "0", i.e. whether or 
not the throttle valve is almost fully closed. If 6TH = 0 
holds, the program proceeds to a step S3, whereas if 
6TH * 0 holds, the program proceeds to a step S5. 

At the step S3, it is determined whether or not the 
vehicle speed VEL is higher than a predetermined value 
V1 (e.g. approx. 5 km/h). If the answer is negative (NO), 
i.e. if VEL < V1 holds, the program proceeds to a step 
S4, wherein the starting clutch 12 is caused to become 
engaged to a small degree to thereby carry out creep 
control, followed by terminating the present routine. 

On the other hand, if VEL > V1 holds, the program 
proceeds to the step S5, wherein starting clutch control 
processing is executed, followed by terminating the pro- 
gram. 

Fig. 3 shows a subroutine for carrying out the start- 
ing clutch control processing executed at the step S5 in 
Fig. 2. This subroutine is executed at predetermined 
time intervals (e.g. 10 msec). 

First, at steps S11 to S13. three torque capacity 
coefficient maps stored in the memory device 31 2 are 
retrieved to read out values of a torque capacity coeffi- 
cient corresponding to a clutch speed ratio (ESC). The 
clutch speed ratio is a ratio VEL/Ndn, where VEL repre- 
sents the rotational speed of the output shaft 14 
detected by the output shaft rotational speed sensor 23, 
and Ndn the rotational speed of the driven shaft 9 
detected by the driven shaft rotational speed sensor 22. 

Fig. 4 graphically represents the torque capacity 
coefficient maps stored in the memory device 31 2 . In 
the figure, the abscissa represents the clutch speed 
ratio ESC, and the ordinate the torque capacity coeffi- 
cient. The value of the torque capacity coefficient 
according to the embodiment is determined based on 
the throttle valve opening 6TH as an additional parame- 
ter. In the figure, a curve A indicates a torque capacity 
coefficient curve to be assumed when the throttle valve 
opening OTH is in a range of 4/8 < 6TH £ 8/8, a curve B 
when the throttle valve opening 9TH is in a range of 0 < 
9TH £ 4/8. and a curve C when the throttle valve open- 
ing 6TH is equal to 0. 

As is clear from Fig. 4. the three torque capacity 
coefficient curves are all set such that the torque capac- 
ity coefficient value assumes a minimal value when the 
clutch speed ratio ESC is equal to "1.0". For example, 
the torque capacity coefficient values indicated by the 
curves A and C each progressively decrease as the 
clutch speed ratio ESC increases from a predetermined 
value smaller than "1.0" to "1.0". at which they each 
assume a minimal value. The torque capacity coeffi- 
cient values each progressively increase to a predeter- 
mined value as the clutch speed ratio ESC increases 
from "1.0" to a predetermine value, and thereafter they 
are each held at the predetermined value irrespective of 
the clutch speed ratio ESC. According to the curve B. 
the torque capacity coefficient value assumes the mini- 
mum value when the clutch speed ratio ESC is equal to 
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"0". and it linearly increase as the clutch speed ratio 
increases from "0". The torque capacity coefficient 
value assumes a maximal value when the clutch speed 
ratio ESC is equal to a predetermined value smaller 
5 than "1 .0", and thereafter the curve B changes similarly 
to the curves A and C with a further increase in the ESC 
value. 

By thus setting the toque capacity coefficient to the 
minimal value when the clutch speed ratio is equal to 

10 "1 .0\ when the starting clutch is brought into complete 
engagement, a shock caused by transmission torque 
fluctuations can be reduced due to lowering of the 
clutch torque. Further, large clutch torque is not 
required when the clutch speed ratio is equal to "1 .0", 

15 and therefore the above setting of the torque capacity 
coefficient eliminates wasteful application of high oil 
pressure to the clutch. 

By virtue of the above setting of the torque capacity 
coefficient, when the accelerator pedal is stepped on 

20 with the clutch speed ratio ESC set to "1.0" during 
steady running of the vehicle, the clutch torque is so low 
that the clutch sGps, enabling a smooth increase in the 
engine rotational speed Ne and hence improving the 
accelerability. Conversely, when the accelerator pedal is 

25 suddenly released during traveling of the vehicle, the 
clutch slips (the clutch speed ratio decreases below 
"1.0"). eliminating a shock upon sudden release of the 
accelerator pedal. 

Further, the reason why the torque capacity coeffi- 

30 cient curve A is set to a relatively smaller level and the 
curve B is set to a relatively larger level is as follows: 
That is. when the throttle valve opening 6TH is large 
(curve A), it usually means that the engine is being 
accelerated, or the vehicle is being started to run, and 

35 therefore the clutch torque should be prevented from 
becoming excessive to improve the driveability. On the 
other hand, when the throttle valve opening 6TH is small 
(curve B), the slip of the starting clutch during cruising 
of the vehicle or the like should be reduced to thereby 

40 curtail the fuel consumption. Moreover, by setting the 
torque capacity coefficient curve C to the smallest level 
a large shock upon closing of the throttle valve such as 
engine brake can be sufficiently absorbed. 

Further, the reason why the torque capacity coeffi- 

45 dent curve B is set to the minimum value when th 
clutch speed ratio ESC is "0" and the coefficient value 
linearly increases with an increase in the ESC value 
from "0" is as follows: 

As described hereinafter, according to the starting 

so clutch control processing of the embodiment, the three 
torque capacity coefficient maps are retrieved, and 
when two of the three torque capacity coefficient values 
read out therefrom have a level difference, one of the 
two torque capacity coefficient values is controlled so as 

55 to progressively approach to the other torque capacity 
coefficient value. For exarrple, when the throttle valve 
opening 6TH is "0", e.g. when the vehicle is in stoppage 
and the clutch speed ratio is small, if the accelerator 
pedal is slightly stepped on, the torque capacity coeffi- 



9 



EP0760 442 A1 



10 



cient value shifts from the curve C (9TH = 0) to the curve 
B (9TH <, 4/8). If the level difference is large, large \ > 
torque fluctuations are generated, whereby a passen- 
ger or passengers of the vehicle receive a large shock. 

Referring again to Fig. 3, at the step S1 1 , out of the s 
three torque capacity coefficient maps, a map indicated 
by the curve A is retrieved to read out a toque capacity 
coefficient value corresponding to the clutch speed ratio . \ 
ESC, and the thus read out value is stored in an area KA 
(hereinafter referred to as the "torque capacity coeffi- 10 
cient KA") preset in the memory device 31 2 . Then, at 
the step Si 2, a map indicated by the curve B is retrieved 
to read out a torque capacity coefficient value corre- 
sponding to the clutch speed ratio ESC, and the read 
out value is stored in an area KB (hereinafter referred to is 
as the "torque capacity coefficient KB") preset in the 
memory device 31 2 . Further, at the step S13, a map 
indicated by the curve C is retrieved to read out a torque 
capacity coefficient value corresponding to the clutch 
speed ratio, and the read out value is stored in an area 20 
KC (hereinafter referred to as the "torque capacity coef- 
ficient KC") preset in the memory device 31 2 . 

Next, it is determined at a step S14 whether or not 
the throttle valve opening 9TH is larger than 4/8. If 6TH 
< 4/8 holds, a value of 0.01 is subtracted from a value in 25 
an area a (hereinafter referred to as "the weight coeffi- 
cient a") preset in the memory device 31 2 , whereby the ^ 
weight coefficient a is updated by the resuft of the sub- j 
traction at a step S1 5. The weighting coefficient a will be 
explained in detail hereinafter. On the other hand, if 9TH 30 
£ 4/8 holds at the step S14, a table shown in Fig. 5 is , 
retrieved to read out a rate of variation Aa in the weight- 
ing coefficient a according to the throttle valve opening 
9TH, at a step S16, and then the rate of variation Aa is 
added to the weighting coeffident a, whereby the 35 
weighting coefficient a is updated by the result of the 
addition, at a step S17. Then, the weighting coefficient 
a updated at the step S15 or S17 is limit-checked such 
that it is limited within a range of 0 £ a £ 1 at a step S1 8. 

At the following step Si 9, it is determined whether 40 
or not the throttle valve opening 9TH is equal to "0". If 
6TH * 0 holds, a value of 0.01 is added to a value in an 
area p (hereinafter referred to as "the weighting coeffi- 
cient p") preset in the memory device 31 2 , whereby the 
weighting coefficient p is updated by the result of the 45 
addition at a step S20. The weighting coefficient p will 
also be explained in detail hereinafter. On the other 
hand, if 9TH « 0 holds at the step S19, the weighting 
coefficient p is set to "0" at a step S21 . Further, similarly 
to the step S18, the weighting coefficient p updated at so 
the step S20 is limit-checked at a step S22. 

Next, by using the torque capacity coeffident value 
KB indicated by the curve B, a high-side torque capacity 
coefficient KH for calculating a final torque capacity 
coefficient K is calculated by the use of the following 55 
equation (1): 

KH = a x KA + (1 - a) x KB (1) 



As is clear from the equation (1), the weighting 
coefficient a controls a shifting time period over which 
thetorque capacity coeffident KA or KB is progressively 
shifted from the torque capacity coefficient KA or KB to 
the other one. For example, if the rate of variation Aa in 
the weighting coefficient a is positive, the weighting 
coefficient a increasingly approaches to 1, and accord- 
ingly the torque capacity coefficient is progressively 
shifted from the KB value to the KA value. On this occa- 
sion, as explained at the step S16, the rate of variation 
Aa is changed according to the throttle valve opening 
9TH, and accordingly the shifting time period is 
changed according to the throttle valve opening 0TH. 
On the other hand, if the rate of variation Aa in the 
weighting coefficient a is negative (-0.01 in the present 
embodiment), the weighting coefficient a decreasingfy 
approaches to 0, and accordingly the torque capacity 
coefficient value is progressively shifted from the KA 
value to the KB value. In this example, a time period 
. required for the weighting coefficient a to change from 
"1" to "0" is 1 sec. This is because the starting clutch 
control processing according to the present embodi- 
ment is executed every 1 0 msec and the weighting coef- 
ficient a decreases by 0.01 every execution of the 
control processing. 

Next, by using the high-side torque capacity coeffi- 
dent KH thus calculated, the final torque capadty coef- 
ficient K is calculated by the use of the following 
equation (2): 

K= pxKH + (1 -p)xKC (2) 

V The equation (2) has a construction similar to that 
of the equation (1), and accordingly the weighting coef- 
ficient p shows a change similar to the change of the 
weighting coefficient a described above. Therefore, 
description of the change of the weighting coefficient p 
is omitted. 

The weighting coefficients a and p are set such that 
the torque capacity set based on the torque capadty 
coefficient map and the throttle valve opening 6TH rap- 
idly changes in the decreasing direction, and slowly 
changes in the increasing direction. In the present 
embodiment, when the torque capacity coefficient value 
is shifted from the capacity coefficient map indicated by 
the curve A or B to the torque capacity coefficient map 
indicated by the curve C, p is set to "0", so that the 
torque capacity coefficient is rapidly shifted to the curve 
C. On the other hand, when the torque capadty coeffi- 
dent value is shifted from the torque capacity coefficient 
map indicated by the curve C to the torque capadty 
coefficient map indicated by the curve A or B. Ap is set 
to 0.01 so that the torque capacity coeffident is slowly 
or progressively shifted to the curve A or B. Similarly, a 
is set such that when the torque capacity coefficient 
value is shifted from the torque capacity coefficient map 
indicated by the curve B to the torque capacity coeffi- 
dent map indicated by the curve A, the torque capadty 
coefficient is rapidly shifted to the curve A, whereas 
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when the torque capacity coefficient value is shifted 
from the torque capacity coefficient map indicated by 
the curve A to the torque capacity coefficient map indi- 
cated by the curve B, the torque capacity coefficient is 
rapidly shifted to the curve B. However, when the throt- 5 
tie valve is almost fully open, a is set such that the 
torque capacity rapidly increases. 

By thus setting the weighting coefficients a and 0, 
the clutch is slowiy engaged to prevent a shock upon 
sudden engagement of the clutch when the engine 10 
torque is increasing. On the other hand, the clutch is 
allowed to be rapidly engaged when the engine torque 
is in a low level, because sudden engagement of the 
clutch does not then cause a shock. 

Next, the thus calculated final torque capacity coef- 15 
ficient K is multiplied by a correction coefficient PSTBM 
determined based on the range selected by the selector 
40 and the engine rotational speed Ne, to calculate a 
basic torque T1 by the use of the following equation (3), 
at a step S25: 20 

T1 = K x PSTBM (3) 

Fig. 6 graphically represents PSTBM maps which 
are used for determining the correction coefficient 25 
PSTBM stored in the memory device 31 2 . In the figure, 
the abscissa represents the engine rotational speed Ne, 
and the orcfinate the correction coefficient PSTBM. As is 
clear from the figure, three maps are stored in the mem- 
ory device 31 2 corresponding to respective ranges so 
selected by the selector 40. More specifically, a curve D 
indicates a correction coefficient PSTBM curve corre- 
sponding to the ranges N, P and Ft, a curve E the range 
D, and the curve F the ranges S and L At the step S25, 
one of the PSTBM maps which corresponds to the 35 
selected range is retrieved to read out a value of the cor- 
rection coefficient PSTBM according to the engine rota- 
tional speed Ne. Trie basic torque value T1 is calculated 
based on the read-out correction coefficient PSTBM 
and the final torque capacity coefficient K. 40 

The thus calculated basic torque T1 is corrected by 
a ratio RG which is the current rotational speed ratio 
NDR/NDN between the rotational speed NDR of the 
input shaft 5 and the rotational speed NDN driven shaft 
9, to thereby calculate the clutch transmission torque T2 45 
by the use of the following equation (4), at a step S26: 

T2 = T1 x RG (4) 

Fig. 7 shows an outline of the starting clutch control so 
processing executed at the steps S11 in Fig. 3 
described above. 

Referring again to Fig. 3. at a step S27, a value of 
oil pressure applied to the dutch piston is calculated 
according to the clutch transmission torque T2 calcu- 55 
lated at the step S26. Then, at a step S28, a driving sig- 
nal is supplied to the linear solenoid valve of the starting 
clutch hydraulic controller 34 to control the oil pressure 
from the hydraulic pump 35 to the value calculated at 
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the step S27, followed by terminating the present rou- 
tine. 

As described above, according to the present 
embodiment, three torque capacity coefficient maps are 
provided beforehand, and two torque capacity maps are 
selected out of the three maps according to the throttle 
valve opening 9TH. The torque capacity coefficient is 
controlled so as to be progressively shifted from a value 
retrieved from one of the two selected torque coefficient 
maps according to the dutch speed ratio to a value 
retrieved from the other torque capacity coefficient map 
according to the clutch speed ratio. As a result, even 
when the throttle valve opening eTH is suddenly 
changes, a shock on the passengers can be sufficiently 
reduced. Further, when the throttle valve opening eTH 
is larger than a predetermined value (4/8), the torque 
capacity coeffident curve is set to a higher level to 
thereby curtail the fuel consumption during cruising of 
the vehicle or a like traveling condition, while when the 
throttle valve opening OTH is smaller than the predeter- 
mined value, the torque capadty curve is set to a lower 
level to thereby allow a suitable slip of the dutch and 
hence improve the drh/eability. 

Furthermore, the three torque capacity maps are all 
set such that the torque capacity coefficient assumes a 
minimal value when the dutch speed ratio is "1.0" and 
progressively increases as the dutch speed ratio 
decreases or increases from "1.0". As a result shocks 
upon engine torque fluctuations due to sudden opera- 
tion of the throttle valve can be sufficiently absorbed 
over a wide range of dutch speed ratio, to thereby fur- 
ther improve the drivability. 

Although in the present embodiment, the basic 
torque T1 is determined based on the torque capacity 
coefficient and the correction coefficient PSTBM deter- 
mined according to the selected range, this is not limita- 
tive. In addition to the correction coefficient PSTBM, 
another correction coefficient or coeffidents dependent 
upon another parameter or parameters may be further 
employed. 

Claims 

1 . A control system for a starting clutch installed in an 
automotive vehicle having an internal combustion 
engine installed therein, and at least one wheel, 
said engine having a throttle valve, said starting 
dutch being arranged between said engine and 
said at least one wheel, for controlling engagement 
between said engine and said at least one wheel, 
said control system comprising: 

engine rotational speed-detecting means for 
detecting rotational speed of said engine; 
clutch speed ratio-detecting means for detect- 
ing a speed ratio of said starting dutch; 
throttle valve opening-detecting means for 
detecting opening of said throttle valve; 
basic torque capacity-calculating means for 
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calculating basic torque capacity of said start- 
ing clutch, based on said rotational speed of 
said engine; 

torque capacity correction value-determining 
means for determining a torque capacity cor- s 
rection value such that rt assumes a minimal 
value when said clutch speed ratio detected by 
said clutch speed ratio-detecting means is 
equal to 1.0 and progressively increases as 
said dutch speed ratio increases and 10 
decreases from 1.0; 

torque capacity correction value-changing 
means for changing said torque capacity cor- 
rection value determined by said torque capac- 
ity correction value-determining means, based 15 
on said throttle valve opening detected by said 
throttle valve opening-detecting means; and 
torque capacity-determining means for deter- 
mining torque capacity of said starting clutch, 
based on said torque capacity correction value 20 
changed by said torque capacity correction 
value-changing means and said basic torque 
capacity calculated by said basic torque capac- 
ity-calculating means. 

25 

2. A control system as claimed in claim 1 , wherein, 
when said throttle valve opening detected is larger 
than a predetermined value, said torque capacity 
correction value-changing means sets said torque 
capacity correction value to such a value that said 30 
torque capacity of said starting clutch has a smaller 
value than a value assumed when said throttle 
valve opening is smaller than said predetermined 
value. 

35 

3. A control system as claimed in claim 2, wherein, 
when said throttle valve opening detected is almost 
zero, said torque capacity correction value-chang- 
ing means sets said torque capacity correction 
value to such a value that said torque capacity of 40 
said starting clutch has a further smaller value than 
said value assumed when said throttle valve open- 
ing is larger than said predetermined value. 

4. A control system as claimed in claim 2 or 3, wherein 
said torque capacity correction value-changing 
means sets said torque capacity correction value 
such that said torque capacity of said starting clutch 
is increased as said clutch speed ratio increases, 
when said throttle valve opening detected is smaller 
than said predetermined value and at the same 
time said dutch speed ratio detected is smaller than 
a predetermined value which is smaller than 1 .0. 

5. A control system as claimed in claim 2 or 3. wherein 55 
said torque capacity correction value-changing 
means sets said torque capacity correction value to 

a minimum value, when said throttle valve opening 
detected is smaller than said predetermined value 



but not equal to zero and at the same time said 
clutch speed ratio detected is equal to zero. 

6. A control system as claimed in claim 1, wherein 
said torque capacity correction value-changing 
means provides a plurality of torque capacity cor- 
rection value characteristics corresponding respec- 
tively to a plurality of different throttle valve opening 
ranges, said torque capacity correction value- 
changing means changing said torque capacity cor- 
rection value so as to be progressively shifted from 
a value determined according to one of two torque 
capacity correction value characteristics out of said 
plurality of said torque capacity correction value 
characteristics to a value determined according to 
the other one of said two torque capacity correction 
value characteristics. 

7. A control system as claimed in claim 6, wherein 
said torque capacity correction value-changing 
means carries out said progressive shifting of said 
torque capacity correction value at a higher rate, 
when said progressive shifting takes place from a 
value determined according to a torque capacity 
correction value characteristic having a higher level 
out of said selected two torque capacity correction 
value characteristics to a value determined accord- 
ing to a torque capacity correction value character- 
istic having a lower level, said torque capacity 
correction value-changing means carrying out said 
progressive shifting at a lower rate when said pro- 
gressive shifting takes place from a value deter- 
mined according to said torque capacity correction 
characteristic having a lower level out of said 
selected two torque capacity correction value char- 
acteristics to a value determined according to said 
torque capacity correction value characteristic hav- 
ing a higher level. 
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FIG.2 




EP 0 760 442 A1 



S11 
S12 

S13 
S14 



'STARTING CLUTCH CONTROC 
(EXECUTE EVERY 10msec) 



5 



FIG.3 



RETRIEVE KA 
BASED ON ESC 



T 



RETRIEVE KB 
BASED ON ESC 



RETRIEVE KC 
BASED ON ESC 




EXECUTE RG 
CORRECTION 



S2? ~^]CALCULATE*HYDRAULIC 



PRESSURE APPLIED 
TO CLUTCH PISTON 



S28- 



GENERATE LINEAR 
SOL-DRIVING 
HYDRAULIC PRESSURE 



T 



EP 0 760 442 A1 
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FIG.5 
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